It is not known which regional analgesic technique is most effective or safest after open lung resection. We retrospectively examined outcomes in 828 patients who received thoracic epidural analgesia and 791 patients who received paravertebral block after lung resection between 2008 and 2012. We analysed outcomes for 648 patients, 324 who had each analgesic technique, matched by propensity scores generated with peri-operative data. There were 22 out of 324 (7%) postoperative respiratory complications after thoracic epidural and 23 out of 324 (7%) after paravertebral block, p = 0.88. For any postoperative complication, there were 80 out of 324 (25%) and 78 out of 324 (24%) complications, respectively, p = 0.85. There were 17 out of 324 (5%) re-admissions to intensive care after thoracic epidural and 17 out of 324 (5%) after paravertebral block, p > 0.99, and the number of deaths before discharge were 6 out of 324 (2%) and 4 out of 324 (1%), respectively, p = 0.53. There was no significant difference in median (IQR [range]) hospital stay after thoracic epidural or paravertebral block, 6 (5-9 [2-94]) days vs. 6 (5-9 [2-122]), respectively, p = 0.83. Our study suggests that rates of complications as well as length of hospital stay after thoracic epidural analgesia and paravertebral blockade are similar. We were unable to compare analgesic efficacy due to incomplete data.
Introduction
Poor analgesia following thoracotomy predisposes to pulmonary complications [1] that might shorten survival. It is difficult to provide effective analgesia to patients after open lung resection. Most patients receive a regional block after open thoracic surgery: thoracic epidural or, increasingly, paravertebral blockade, supplemented if required by systemic analgesia [2] [3] [4] [5] .
Paravertebral blockade has become more common with catheter placement under direct vision, or percutaneously, guided with ultrasound rather than without. Systematic reviews suggest that analgesia provided by thoracic epidural or paravertebral block are equivalent [6, 7] . An appreciation of their analgesic equivalence has been accompanied by more reliable estimates of rates of harm that follow neuraxial blockade [8] .
No large randomised trial has compared thoracic epidural analgesia with paravertebral blockade after thoracotomy. We aimed to compare these two analgesic methods with data we collected between 2008 and 2012, a period during which our use of thoracic epidural analgesia was supplanted by paravertebral blockade.
Methods
This study was approved by the local Caldicott guardian and the Chairman of the Trust Research Committee. We analysed data for adults who had regional analgesia after open pulmonary resection performed between January 2008 and December 2012. Before surgery, patients chose thoracic epidural or paravertebral block, in addition to intravenous morphine patientcontrolled analgesia, after they had discussed the chances of harm and benefit of each with their anaesthetist. We used landmarks to insert and secure epidural catheters at the mid-thoracic level before inducing anaesthesia. We infused levobupivacaine 0.1% with 4 lg.ml À1 fentanyl 4 lg.ml À1 during and after surgery, usually started at 0.1 ml.kg À1 .h À1 and then titrated to effect. The surgeon inserted and secured paravertebral catheters at the start of surgery under direct vision after thoracotomy. We injected 30 ml levobupivacaine 1 mg.kg À1 and then infused levobupivacaine 0.25% 0.1 ml.kg
À1
.h
, titrated to effect. Pre-operative variables collected included: age; sex; body mass index; hypertension; diabetes; myocardial infarction; angina; coronary revascularisation; stroke or transient cerebral ischaemia; peripheral arterial disease; history of deep vein thrombosis; renal dysfunction; heart failure (New York Heart Association (NYHA) classification); chronic obstructive pulmonary disease; smoking status and pack years; and forced expiratory volume in 1 second (FEV 1 ), absolute and relative. We categorised patients by date of surgery; before or after the date when paravertebral block became more common than epidural (July 2010). Peri-operative variables included: the extent of lung resection (lobe, wedge, pneumonectomy); benign vs. malignant pathology; and if malignant, primary vs. secondary and tumour stage (1) (2) (3) (4) .
The primary outcome was in-hospital death. Secondary outcomes were: intensive care re-admission; length of hospital stay; any complication (see Appendix); and respiratory complications. We categorised patients who had anatomical resections (not wedge resections) by relative predicted postoperative FEV 1 : < 50% vs. ≥ 50% [8] . We developed a propensity score using pre-operative variables to match patients with epidural catheters to patients with paravertebral catheters, with an eight-digit greedy algorithm without replacement, which if unsuccessful progressed, as necessary, to a single-digit match [9] . For the unmatched We used Kaplan-Meier estimates for postoperative discharge, censored for in-hospital death. All statistical analyses were performed using SAS for Windows (Version 9.3, SAS, Cary, NC, USA) [10] . We considered p < 0.05 significant.
Results
Epidural catheters were inserted in 828 out of 1619 patients and paravertebral catheters in 791 out of 1619 patients, which became more common during the observation period (Fig. 1) . Differences between unmatched cohorts were removed by matching 648 patients, 324 of whom had each type of regional analgesia (Tables 1 and  2 ). There were no differences in any outcome following propensity score matching (Table 3) .
Discussion
Death in hospital after thoracic surgery was not associated with whether postoperative analgesia was provided by thoracic epidural or paravertebral blockade. There were no differences in rates of complications.
Our results are consistent with randomised controlled trials and systematic reviews that reported no differences in complications or pulmonary function Table 2 Characteristics of the surgical pathology and its treatment for patients who had thoracic epidural catheters or paravertebral catheters for analgesia after thoracotomy. Values are number (proportion). between thoracic epidurals and paravertebral blockade after thoracotomy [6, 7, [11] [12] [13] . Thoracic epidural analgesia has been associated with reduced pulmonary complications and reduced mortality in patients with severe chronic obstructive pulmonary disease, compared with systemic analgesia [14] . We infer from the similar rates of morbidity and mortality after thoracic epidural and paravertebral blockade in our matched cohorts that paravertebral blockade might be similarly beneficial, compared with systemic analgesia, in patients with chronic obstructive pulmonary disease. Although previously published data from our centre showed prolonged hospital stay for patients receiving thoracic epidural [15] , we found no such difference. We did not analyse postoperative pain as it was not recorded in our database throughout the study period. Immediate postoperative pain is usually less after thoracic epidural [16] . Serious rare complications may be more common with thoracic epidurals: for instance, the rate of spinal cord injury is 1 in 5000 [8, 17] . Complications arising from haematoma may be more common for patients taking dual antiplatelet agents, for instance after placement of drug-eluting stents, in whom surgery increases the risk of acute stent thrombosis, particularly if either drug is discontinued [18] [19] [20] . The risks of serious neurological injury following paravertebral blockade have not been well quantified, but they might be less frequent than with thoracic epidurals. The greater distance from the paravertebral space to central neuraxial structures and its distensible nature might mediate fewer complications with paravertebral blockade in patients with known or suspected coagulopathy [21] .
Our study has some limitations. It is subject to the same biases as any retrospective study. Changes in patients and their care during the four-year study period might have interacted with the increasing proportion of patients who received paravertebral blockade. Our database was insufficient to allow us to comment on outcomes such as procedural complications.
In conclusion, our study suggests that outcomes after thoracic surgery accompanied by paravertebral blockade are no worse than after thoracic surgery accompanied by thoracic epidural.
